introduction
The amount of fluoride in coal, its ashes and flue gases 1,2 ranges from dozens to several hundred mg kg -1 . Most of the fluorine is removed upstream at desulfurization plants by pre-scrubbers during the removal of dust, and by a reduction of the flue-gas temperature. The pre-scrubber circulation liquid is highly acidic, i.e., pH 1, and the wastewater from a pre-scrubber typically contains 100 -1500 mg L -1 fluoride and 200 -1500 mg L -1 aluminum. Therefore, it is necessary to also analyze low fluoride concentrations in liquids precisely, even in the presence of high concentrations of aluminum and other coexisting ions.
Ion-selective electrodes (ISE) have been widely used for determining fluoride since Frant and Ross 3 first constructed a fluoride-ISE.
Aluminum, however, interferes with the determination of fluoride by ISEs due to the formation of stable fluoroaluminate complexes. As described elsewhere, 4 ,5 fluoride must be separated from aluminum by steam distillation prior to its determination by ISEs.
This difficulty can be overcome to some extent by adding a suitable masking agent to a total ionic strength adjustment buffer (TISAB). Various complexing reagents have been used, [6] [7] [8] [9] [10] [11] [12] [13] [14] the most common being citrate 11, 12 and 1,2-diaminocyclohexane-N,N,N´,N´-tetraacetic acid (CyDTA). 13, 14 We have investigated the efficiency of four kinds of TISABs which have been reported previously to possess high capabilities of reducing the interference from aluminum. We also found that tartrate and Tris-based TISAB-IV (disodium tartrate, tris(hydroxymethyl) methylamine (Tris), hydrochloric acid) reduced the interference from aluminum to a greater extent than the other three TISABs. Corbillon et al. 15 reported that TISAB-IV could be used at a pH of 8.4 to complex aluminum ions. Although TISAB-IV has been adopted by the ASTM, 4 the practical applications of TISAB-IV are currently limited 16 due to a lack of published data.
The objective of the present study was to obtain basic data regarding the determination of fluoride by ISEs in the presence of aluminum with tartrate and Tris-based TISAB. The decomplexing abilities of tartrate and Tris-based TISABs were compared with those of other TISABs.
We adopted an analytical method in which solid chemical reagents are added directly to the sample solution to adjust the pH and total ionic strength without using strong acids and bases, such as hydrochloric acid and sodium hydroxide, respectively. Adding a solid TISAB mixture consisting of tartaric acid, sodium tartrate, and Tris, however, eliminated any interference from high levels of aluminum and sodium and potassium carbonates due to the flux used during alkali fusion processing of solid silicate samples. The proposed analytical method was also applied to the determination of fluoride in geochemical reference samples.
Reagents
Unless otherwise stated, all chemicals were of analytical reagent grade, and were used without further purification. Fluoride-containing geochemical reference samples JB-3 (basalt), JLk-1 (lake sediment), and JSd-3 (stream sediment) were supplied by the National Institute of Advanced Industrial Science and Technology, Geological Survey of Japan. The analytical data of these reference samples are given in Table 1 . 17 Distilled and demineralized water was used throughout this study. A standard fluoride ion solution and TISABs were prepared as follows:
About 2.5 g of sodium fluoride was heated for 1 h at 500 C. Sodium fluoride was accurately weighed (2.21 g), dissolved in water, and then diluted to 1 L with water (1000 mg L -1 F -stock solution).
TISAB-A was the same as that adopted in the Japanese Industrial Standard (JIS) K0102. 5 Sodium chloride (58 g) and diammonium hydrogencitrate (1 g) were dissolved in about 800 mL of water, and 50 mL of glacial acetic acid was added. The pH was adjusted to 5.2 with a 20% sodium hydroxide solution, and the solution was diluted to 1 L with water.
TISAB-B (TISAB-11, obtained from DKK-TOA Co., Tokyo, Japan) was prepared as follows. 18 Citric acid (26 g) and sodium citrate dihydrate (300 g) were dissolved in about 700 mL of water, the pH was adjusted to 5.5 with sodium hydroxide solution, and the solution was diluted to 1 L with water.
TISAB-C was used by Nakajima et al. 14 to evaluate the decomplexing ability for aluminum. Sodium citrate dihydrate (147 g), potassium nitrate (10 g), glacial acetic acid (28.5 mL), and sodium chloride (29 g) were dissolved in about 700 mL of water and diluted to 1 L with water after adjusting the pH of the solution to 5.2 with 5 M NaOH.
TISAB-D was used by Corbillon et al., 15 and prepared as follows. Disodium tartrate dihydrate (230 g), Tris (242 g), and 84 mL of hydrochloric acid (37%) were diluted to 1 L with water. The pH of this solution was about 8.4.
Procedures
Liquid TISAB addition method. Preparation of calibration curves: Calibration curves were obtained according to the following procedure.
Forty-milliliter aliquots of 10 and 100 mg L -1 F -standard solutions were put into polyethylene beakers, and 10 mL of TISAB-D was added to each F -standard solution. The corresponding electrode potentials were recorded with an ion meter, and measured approximately 15 min after inserting the electrode into the continuously stirred solution at 23 ± 1 C.
The calibration of the ion meter was performed initially with a 10 mg L -1 F -standard solution, then with a 100 mg L -1 Fstandard solution, and again with a 10 mg L -1 F -standard solution to ensure the completeness of the calibration. In some experiments, 1 and 10 mg L -1 F -standard solutions were used to prepare calibration curves.
Determining the apparent recovery of F -: The effect of coexisting aluminum on the detection degree of F -was determined by adding a desired amount of aluminum to the fluoride containing solution.
Forty-milliliter aliquots of solutions with and without aluminum were put into polyethylene beakers, and 10 mL of TISAB-D was added. The electrode potential, which was automatically converted to the concentration of fluoride, was recorded 15 min after inserting the electrode into the solution. The measurements with and without aluminum were compared. Solid TISAB addition method. The analytical procedure was the same as that in the liquid TISAB addition method. The difference was that chemical reagents for adjusting the total ionic strength and pH were added in the solid state. In a standard procedure, a solid mixture consisting of 0.75 g tartaric acid, 1.15 g disodium tartrate dihydrate, 2.42 g Tris, and 0.58 g sodium chloride was added to 50 mL of sample solution gradually, with continuous stirring. The ISE was inserted into the solution after the reagents were dissolved and the indication of the fluoride ion activity was recorded.
Determination of total fluoride in solid silicate samples Alkali ion effects. An equimolar mixture of sodium carbonate and potassium carbonate (2.5 g total) was dissolved in water, and 1, 5, or 10 mL of 100 mg L -1 F -solution was added. The contents were transferred to a 100-mL volumetric flask and diluted to the mark with water. A 50-mL aliquot of this solution was then transferred to a polyethylene beaker. The carbonate was decomposed by slowly adding 3.0 g (20 mmol) of tartaric acid while gently stirring with a magnetic stirrer.
After the generation of carbon dioxide was complete, 4.6 g (20 mmol) of sodium tartrate and 4.84 g (40 mmol) of Tris were added while stirring. The addition of sodium chloride to adjust the ionic strength was omitted, since a large amount of sodium and potassium ions were added in subsequent procedures.
The fluoride ISE was inserted into each solution, and the potential was measured and recorded to generate a calibration curve. The readings were recorded approximately 15 min after inserting the electrode into the continuously stirred solution. Coexisting ions effects. An equimolar mixture of sodium carbonate and potassium carbonate (2.5 g total) was dissolved in approximately 50 mL of water and transferred to a 100-mL volumetric flask. The following were also added: 1 mL of 100 mg L -1 F -NaF solution, 10 mL of 5000 mg L -1 Al 3+ AlCl3 solution, 8 mL of 5000 mg L -1 Ca 2+ CaCl2 solution, or 10 mL of 15000 mg L -1 SiO3 2-Na2SiO3 solution. Each flask was then diluted to the mark with water.
A 50-mL aliquot of this solution was placed into a polyethylene container. Then, 3.0 g (20 mmol) of tartaric acid, 4.6 g (20 mmol) of sodium tartrate, and 4.84 g (40 mmol) of Tris were added to decompose the carbonates and regulate the pH. The concentration of fluoride was determined by inserting the fluoride ISE into the solution. A calibration curve was generated using a solution containing the same amount of sodium carbonate and potassium carbonate. Analysis of reference materials. In accordance with the procedure by Ogura, 14 2 g of each sample was ashed in a porcelain crucible by heating for 2 h at 550 C in an electric furnace. The weight loss recorded during heating was used to calibrate the final analytical results.
A portion of each ashed sample (0.5 g), preferably containing more than 0.2 mg of fluoride, was weighed in a platinum crucible. An equimolar mixture of sodium carbonate and potassium carbonate (4 g total) was added to the sample and mixed well with a glass rod. One gram of the carbonate mixture was placed over the sample. The sample was melted over a Bunsen burner and heated for an additional 30 min. After cooling, the sample was dissolved in 100 mL of hot water, transferred to a 200-mL volumetric flask, diluted to the mark with water, and filtered through a fine filter paper. A 50-mL aliquot of the filtrate was transferred to a polyethylene container.
As described above, 3.0 g of tartaric acid, 4.6 g of sodium tartrate, and 4.84 g of Tris were added to the test solution prior to analysis. The fluoride concentration was determined using the fluoride ISE, and a calibration curve was generated using a solution containing the same amount of sodium carbonate and potassium carbonate. The addition of sodium chloride to adjust the ionic strength was omitted.
results and Discussion

Effect of various kinds of TISABs on the apparent recovery of Fin the presence of aluminum
A suitable volume of a mixed solution of sodium fluoride and aluminum chloride containing 20 mg L -1 of F -and the desired amount of Al 3+ (0, 3, 15, 30, 150, 300, or 1000 mg L -1 ) was put into a polyethylene beaker, and a fixed volume of TISAB was added according to the original procedure. The TISAB/sample solution ratios were 5/50, 50/50, 40/20 and 10/40 (mL mL -1 ) for TISAB-A, B, C and D, respectively. The ratios of the fluoride concentration detected in the presence of aluminum to that in the absence of aluminum were determined.
The relationships between the apparent recovery of F -and aluminum concentration for various kinds of TISABs are shown in Fig. 1 . In the case of TISAB-A, about 20% of the fluoride present was detected at an Al 3+ concentration of 15 mg L -1 . In the case of TISAB-B, which had a higher citrate content, the effect of aluminum was lowered, making it possible to detect 100% of the fluoride. The apparent recovery of F -was about 68 and 62% at Al 3+ concentrations of 30 and 100 mg L -1 , respectively. In the case of TISAB-C, 14 which was characterized by a large amount of added citrate, the effect of aluminum was much lower than with TISAB-B. The apparent recovery of F -was about 96% at an Al 3+ concentration of 30 mg L -1 . The apparent recovery of F -decreased to 86, 83, 71, and 40% at Al 3+ concentrations of 100, 150, 300, and 1000 mg L -1 , respectively. Note that 40 mL of TISAB-C was added to 20 mL of sample solution, resulting in a dilution of one-third.
In the case of TISAB-D, the effect of aluminum was lowered to a great extent. The detection degree of F -was 100% at an Al 3+ concentration of 100 mg L -1 and it decreased just slightly 92% at an Al 3+ concentration of 300 mg L -1 . It has been reported that TISABs containing CyDTA are effective in lowering the effect of aluminum ions. 13, 19 However, according to results from Nakajima et al., 14 a TISAB containing CyDTA was not as effective as TISAB-C in lowering the effect of aluminum ions. Van den Hoop et al. 20 also reported that TISAB containing CyDTA was not able to decomplex all of the fluoride bound by aluminum.
We concluded that the most effective TISAB, lowering the effect of aluminum ions on the detection of F -, was TISAB-D, a mixed solution of disodium tartrate, Tris, and hydrochloric acid. Various aspects in the determination of F -by ISEs in the presence of aluminum ions are discussed in the following sections.
Effect of various factors on the determination of F
-in the presence of aluminum using liquid TISAB addition method Concentration of aluminum. A 40-mL volume of solution containing 1, 10, or 100 mg L -1 of F -and 50, 100, 200, 500, 1000, or 2000 mg L -1 of Al 3+ was put into a polyethylene beaker, and 10 mL of TISAB-D was added. The recovery rate of fluoride was determined according to the experimental procedure for liquid TISAB addition method. The experimental results are shown in Fig. 2 .
The detection of F -was scarcely affected by the F -concentration, but was drastically influenced by the aluminum concentration. The apparent recovery of F -was almost 100% at 100 mg L -1 of Al
3+
, and 72 -80% and 42 -48% at 500 and 1000 mg L -1 of Al 3+ , respectively, regardless of the fluoride concentration.
Because the detection of F -was mainly limited by the aluminum concentration, and independent of the F -concentration, the effect of aluminum ions can be lowered by diluting the solution, providing that the F -concentration remains within a detectable range.
In the case of citrate-based TISAB, the effect of aluminum depended on the level of the fluoride concentration, and aluminum tolerances decreased sharply at pH 5.5 compared to those at pH 8. 12 In the present case shown in Fig. 2 , the effect of aluminum at pH 8.4 was practically independent of fluoride concentrations ranging from 1 to 100 mg L -1 . Aluminum speciation studies have been carried out in aluminum(III)-fluoride-hydroxide and aluminum(III)-tartrate (L)-hydroxide systems by Martin, 21 and Desroches et al., 22 respectively. The complexes and their stability constants are shown in Fig. 3 On the other hand, the fraction of free fluoride reached 97% at a total fluoride concentration of 10 mg L -1 and a total aluminum concentration of 1000 mg L -1 when 0.2 mol L -1 of tartrate was present. These results show that tartrate has a strong ability to decompose fluoroaluminates. The equilibrium calculation showed that a strong aluminum tartrate complex was formed (Al2L2(OH)4 2-) instead. The results from the calculation also showed that the main fluoride containing species was Al(OH)3F -, and that the effect of the total fluoride concentration level on the fraction of free fluoride was relatively low, regardless of the presence of tartrate. This tendency was also observed in the experimental results (see Fig. 2 ). However, the detection degree of free fluoride obtained by the experiments was smaller than the calculated values at 0.2 mol L -1 of tatrate. This may be related to the facts that the activity coefficients were not taken into consideration in the present study, and that some other fluoride-containing complexes that were not shown in Fig. 3 was put into a polyethylene beaker, and various amounts of TISAB-D were added to it. The recovery rate of fluoride was determined according to the experimental procedure described in the experimental procedure for the liquid method. The apparent recovery of F -was about 100%, even when 2.5 mL of TISAB-D was added to 40 mL of a sample solution containing 20 mg L -1 Al
. The recovery rate of fluoride decreased to 81 and 95% when 2.5 and 5 mL of TISAB-D, respectively, were added to 40 mL of a sample solution containing 100 mg L -1 Al
. The recovery rate reached more than 99% at an Al 3+ concentration of 100 mg L -1 when 7.5 mL or more of TISAB-D was added. However, the recovery rate decreased to 92% when 30 mL of TISAB-D was added to 40 mL of a sample containing 1000 mg L -1 Al 3+ . According to the calculation results, the ratio of free fluoride reached 98.2% in the last case. This discrepancy might have been caused by the fact that also other chemical species might be present in the solution, and by assuming the activity coefficients of all chemical species to be one. TISAB composition. The concentrations of sodium tartrate and Tris in the standard TISAB-IV solution are 1 and 2 M, respectively. Nine kinds of TISABs were prepared by decreasing sodium tartrate and/or Tris. The pH value of each TISAB was adjusted to 8.4 with hydrochloric acid. A 40-mL volume of a solution containing 20 mg L -1 of F -and 100 mg L -1 of Al 3+ was put into a polyethylene beaker, and 10 mL of each TISAB was added. The recovery rate of fluoride was determined according to the method described in the experimental section for the addition of liquid TISAB. The experimental results are shown in Fig. 5 .
The concentration of Tris in standard TISAB-D was 2 M. The difference in F -detection was as small as 6% between 2 M and 0.5 M Tris at an Al 3+ concentration of 100 mg L -1 when the concentration of sodium tartrate was fixed at 1 M. However, the effect of aluminum was very clear when the concentration of sodium tartrate was reduced from 1.0 M to 0.5 or 0.25 M, showing that tartrate ions were effective at decomplexing aluminum.
The recovery rate of fluoride decreased to 39% in the presence of 100 mg L -1 aluminum when Tris and hydrochloric acid were used for adjusting the pH to 8.4 without tartrate. It is obvious that tartrate plays an important role in decomposing fluoroaluminate complexes at pH 8.4. However, citrate was as effective as tartrate if used in an equimolar amount. While no compelling reason exists to replace tartrate with citrate, or any other organic acid in TISAB-IV, a further investigation of citrate-based TISAB was omitted.
Determination of F
-using the solid TISAB addition method Three kinds of methods were considered for decreasing the effect of aluminum in the determination of fluoride using an ISE method. In the first method, the sample was simply diluted with water to a suitable concentration, while in the second one the amount of TISAB was increased. If possible, measuring the concentration of F -ions at several milligrams per liter or higher is desirable because lower F -concentrations result in a slight fluctuation of the measured values due to a slow ISE response. The increase in the amount of TISAB corresponded to a decrease in the concentration of F -to be analyzed. The third method was to elevate the concentration of the effective constituents in TISAB.
In this respect, adding TISAB constituents in a solid state instead of in their mixed solution has several advantages, including attainment of high F -concentration, simplification of the procedure for adjusting the total ion strength, and omitting the usage of hazardous chemicals, such as hydrochloric acid and sodium hydroxide.
Sample solutions containing less than 1 mg L -1 F -, with Al 3+ concentrations of more than an order of magnitude higher, are common in the analysis of solid silicate materials, such as fly ash and soil. In these cases, a method entailing minimal sample dilution carries a definite advantage. The application of this technique to silicate samples will be presented in later.
Ten milliliters of TISAB-D contain 10 mmol of disodium tartrate dihydrate, 20 mmol of Tris, and 10 mmol of hydrochloric acid. The same composition is obtained by mixing the following reagents: 5 mmol (0.75 g) of tartaric acid, 5 mmol (1.15 g) of disodium tartrate dihydrate, 20 mmol (2.42 g) of Tris, and 10 mmol (0.58 g) of sodium chloride.
The effect of the aluminum concentration on the detection of F -was investigated at a standard amount of tartrate and fourtimes the standard amount of tartrate. The first and second acid dissociation constants (pKa) of tartaric acid are 2.87 and 3.97, 24 respectively. As such, it dissociates almost completely under the conditions for the determination of F -using ISEs, showing practically no change in the pH value when dissolved in an alkaline solution. Therefore, disodium tartrate dihydrate could be used as an additional tartrate source without changing the pH when the amount of total tartrate added was four-times the standard amount.
A 50-mL volume of a solution containing 10 mg L -1 of F -and 50 -1000 mg L -1 of Al 3+ was put into a polyethylene beaker, and a mixed powder consisting of 0.75 g tartaric acid, 1.15 g disodium tartrate dihydrate, 2.42 g Tris, and 0.58 g sodium chloride was added slowly with continuous stirring. The ion electrode was inserted into the solution after all of the reagents were dissolved and the indication of F -ion concentration was recorded. Calibration curves were prepared for each amount of TISAB reagent added by using 10 and 100 mg L -1 F -standard solutions without aluminum.
The experimental results are shown in Fig. 6 . The apparent recovery of F -for a solution containing 10 mg L -1 of F -and 80 mg L -1 of Al 3+ was about 99%. However, the apparent recovery of F -decreased to 97, 89, and 74% at 100, 250, and 500 mg L -1 of Al 3+ , respectively, at a standard amount of tartrate. In contrast, the apparent recovery of F -was as high as 99, 98, 95, and 93% at 80, 100, 250, and 500 mg L -1 of Al 3+ when the amount of tartrate was four-times the standard amount.
The total amount of tartrate was increased to four-times the standard amount by adding twice the tartaric acid and six times the disodium tartrate. At the same time, the amount of Tris was increased to twice the standard amount.
After these modifications, the apparent recovery of F -reached 100, 98, 97, 95, 92, and 90% at 80, 100, 250, 500, 700, and 1000 mg L -1 of Al 3+ , respectively. This may have been due to the formation of mixed aluminum-ligand complexes, as was assumed by Corbillon et al. 15 Precision test. For solutions containing 1 and 10 mg L -1 of Ftogether with 100 mg L -1 of Al 3+ , 96 and 97%, respectively, were recovered, when the standard amount of solid TISAB was added. For a solution containing 1 mg L -1 of F -and 500 mg L -1 of Al 3+ , the recovery of F -reached 95%, and the relative standard deviation was 1.6% for five independent determinations when a solid TISAB consisting of 1.5 g tartaric acid, 6.9 g disodium tartrate dihydrate, 4.84 g Tris, and 0.58 g sodium chloride was added to 50 mL of the sample solution. According to the calculation results, the ratio of free fluoride reached 99.3% under these conditions. Effects of coexisting ions. We investigated the effects of coexisting ions on the determination of F -using the standard solid TISAB addition method. 100 mg L -1 of SO4 
Determination of total fluoride in solid silicate samples
Incinerator ashes, such as coal ash, usually contain fluoride at levels ranging from 10 to 500 mg kg -1 . The typical analytical procedure for these samples is as follows: silicate samples are subjected to alkali fusion with an equimolar mixture of sodium carbonate and potassium carbonate, and then digested to dissolve the fused product. These sample solutions contain sodium, potassium, and carbonate ions, in addition to aluminum, calcium, and silicate.
The interference effects of these ions on the ISE determination of fluoride can be eliminated by steam distillation. With appropriate selection of a TISAB solution, these effects can be drastically reduced. As shown above, the recovery rate of fluoride can achieve 95% or more by adding a suitable amount of tartrate-and Tris-based TISAB even when the concentration of aluminum reaches 500 mg L -1 . The applicability of the ISE method for determining fluoride in solid silicate samples without distillation is discussed below. Effect of alkali flux. An artificial solid silicate consisting of 30 wt% Al2O3, 20 wt% CaO, and 50 wt% SiO2 was prepared with 400 mg kg -1 NaF. A 0.5 g sample of this mixture was placed in a platinum crucible and fused with 5 g of a flux consisting equimolar amounts of sodium carbonate and potassium carbonate. The fused product was dissolved in water and diluted to 200 mL. Thus, the total composition of the solution was as follows: . These results showed the interference of carbonate due to the sample alkalinity. The pH of the test solution was 9.3, and a 50-mL aliquot of the dissolved artificial silicate solution described above contained 10.25 mmol of carbonate.
Tartrate can be added not only to decompose fluoroaluminate complexes, but also to remove carbonates. Forty millimoles each of tartrate (finally 10 mmol as the free acid) and Tris should be added to a 50-mL sample of dissolved silicate since the sample also contains a large amount of aluminum; 10.25 mmol of tartaric acid was necessary to release the carbonates used in the alkali fusion process. Thus, to regulate the pH of the solution and to control the decomposition of carbonates without special processing, 40 mmol of tartrate was added as 20 , respectively. The aluminum concentration of the sample solutions obtained in the analysis of common silicate samples is lower than 500 mg L -1 , showing that the detection efficiency of fluoride reaches more than 95% for common silicate samples. Corrections for the concentration of matrix compounds may further enhance the reliability of the analytical results. Analysis of reference samples. Sample solutions were prepared from basalt (JB-3), lake sediment (JLk-1), and stream sediment (JSd-3) according to the procedure shown above.
The concentration of aluminum in the sample solutions were 228, 221 and 131 mg L -1 for JB-3, JLk-1 and JSd-3, respectively. The degree of interference from aluminum at this level of concentration was estimated to be lower than 3%. The fluoride concentration in each sample was determined by ISE and compared with the reported fluoride content of the original solid sample. The results are given in Table 2 .
The experimental results were similar to the reported results for JB-3. However, the experimental results for JLk-1 and JSd-3 showed a higher fluoride content than the reported values. The reason why our analytical results are higher than the recommended values may be due to the fact that the recommended values are the averages of all reported values, regardless of their quality. The maximum deviation from the average were 17 and 62% in JLk-1 and JSd-3, respectively (see Table 1 ). Most of the reported values were satisfactorily close to our results.
We conclude that the present method can be applied to the analysis of fluoride in various environmental samples, considering that the Clarke number of fluoride is 300 mg kg -1 , and the environmental quality standard for the public water supply is as low as 0.8 mg L -1 in Japan.
conclusion
A method for determining fluoride with ion-selective electrodes (ISEs) was studied. Tartrate and Tris-based total ionic strength adjustment buffers (TISABs) were found to lower the interference from aluminum to a greater extent than conventional citrate-based TISABs. We were able to determine the fluoride content in solid silicate samples with ISEs without preliminary steam distillation after alkali fusion processing. Adding a suitable solid TISAB mixture consisting of tartaric acid, sodium tartrate, and Tris eliminated any interference from high levels of aluminum as well as from sodium and potassium carbonates.
We have clarified that the present analytical method could be applied to the determination of fluoride in wastewater samples from flue gas desulfurization plants for coal-fired boilers and geochemical reference samples. In order to remove fluoride from wastewater via precipitation and/or adsorption, the fluoride content must be determined in the presence of aluminum. The same is true for investigations of the dissolution behavior of fluoride from solid materials, e.g., fly ash, soil, and sludge. We hope the present method can be applied widely in many fields.
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